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Benefits and impacts of adjusting cooling set points 
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It has been accepted industry practice in the design of commercial and institutional buildings 
in Australia that internal spaces be conditioned to between 21
o
C and 24
o
C, using international 
standards for thermal comfort endorsed by ASHRAE 55-1992 and ISO 7730.  Whilst 
ASHRAE 55-2004 now encompasses an Adaptive Comfort Standard, the building services 
industry continues to adopt the approach that assumes that ‘comfort’ is universal, that thermal 
variation outside the band is undesirable and that occupants of buildings want neutral, dry, 
still air.  The Heating Ventilation and Air Conditioning (HVAC) systems in the buildings which 
were the subject of this case study, and many similar existing commercial buildings, embody 
the methodology of universal comfort standards.   
A search of the literature regarding climate control for indoor comfort reveals the intricate 
relationship between occupants’ perceptions of thermal comfort and the provision of that 
comfort via the buildings’ HVAC systems. Because of the biological and cultural diversity 
amongst human occupants, it is difficult to apply a universal air-conditioning temperature 
setting that meets all occupants’ perceptions of internal thermal comfort (Brager & de Dear, 
2003). These perceptions of thermal comfort are strongly influenced by social norms and 
cultural influences (Brager & de Dear, 2003; Chappells & Shove, 2005; Peterson & Williams, 
2006). Building designers struggle with balancing the occupants’ desire for individual local 
control to improve their satisfaction with indoor thermal comfort levels, and the need to 
maintain central control of the systems in order to run efficiently (Bordass, 1990, 2001; De 
Dear, 2004; Leaman & Bordass, 2005). Climatically-responsive design integrating 
architectural and mechanical elements from the outset of the design process, would likely 
offer building occupants better thermal comfort (Leaman & Bordass, 2005). 
The aim of the research was to investigate the social, environmental, economic and human 
comfort implications associated with adjusting commercial office air-conditioning 
temperatures to levels which aligned more closely to the relatively benign subtropical climate 
of Brisbane.  The purpose was to qualify whether occupants of commercial buildings in a 
warm, humid, sub-tropical location would tolerate changes to the generally-accepted industry 
standards for thermal comfort in order to reduce energy use associated with HVAC systems. 
The project methodology was simply to implement changes to the physical environment 
through increasing the air conditioned temperature set-points to 25
o
C in two buildings for the 
four summer months, December 2006 to March 2007, and to gather the perceived 
physiological and psychological responses to these physical changes in order to ascertain 
whether such a change was acceptable. Data was also gathered regarding any economic and 
environmental impacts in order to ascertain whether such a change was viable. 
This chapter describes how office workers modified their attitudes toward thermal comfort and 
what behavioural adjustments they made. The savings in energy usage made as a 
consequence of the altered set-point provides evidence to support the notion that a 1 or 2 
degree C  change in the set point reduces energy consumption significantly (1 degree C 
warmer may reduce energy used by 10 per cent). Further benefits accruing to the owners of 
existing buildings using this approach are demonstrable savings in greenhouse gas 
emissions, water and significant cost savings. 
 
Method 
The research was undertaken as a pilot project and predominantly involved staff and 
buildings of the Faculty of Built Environment and Engineering (BEE) at Queensland University 
of Technology (QUT) in Brisbane, Australia during summer 2006-07. Brisbane (latitude 
27.5
o
S) has a subtropical climate characterised by hot, humid summers with mild, dry winters.  
QUT operates three campuses with over 3,000 staff and 38,000 students (2007 figures). The 
main campus at Gardens Point in Brisbane’s central business district (CBD) is characterised 
by buildings dating from early 20
th
 Century to early 21
st
 Century. The buildings on this campus 
offer a wide range of fully-conditioned, partially-conditioned and non-conditioned spaces, with 
a trend towards full conditioning of all spaces as building infrastructure and finances allow.   
Two buildings, utilising the same HVAC chiller plant, were selected for alteration of the 
cooling set point (refer to Table 1).  Four control buildings were also selected.   
 
Table 1: Case study building specifications  
Building Parameters Building A Building D 
Construction date Circa 1919 1999 
Total floor area 2197m
2
 6205m
2
 
Useable levels 3 5 
General building condition Fair (average condition, services 
functional but require attention; 
backlog maintenance work exists) 
Fair – Good (Superficial wear 
and tear and minor defects) 
AC services / 
Functionality Assessment 
Fully conditioned (retrofitted);  
Functionality: barely adequate 
Fully conditioned;  
Functionality: barely adequate 
Type / Function Offices / Administration 84% 
Lecture/ seminar rooms 16% 
Offices / administration 80%; 
Lecture rooms 17%;  
Computer labs 3% 
(Source:  QUT’s 2006 Condition Audit of Built Assets) 
Internal and external temperatures  
Brisbane’s long term climate data, from the Bureau of Meteorology (BOM), was compared 
with daily weather data for the period December 2006 through to March 2007.  Temperature 
and humidity sensors were placed in five ‘problematic’ offices - selected to provide 
quantitative data to compare with building management system (BMS) performance 
parameters and occupants’ perceptions.  The sensors, in place for between 28 and 56 days, 
were set to record temperature and relative humidity every ten minutes.  The mean, 
maximum and minimum were analysed for 9am and 3pm to enable comparison with BOM 
data. The cooling set-point for buildings A and D was raised from 23
o
C to 25
o
C on 11
th
 
December 2006, one week after notifying staff that the thermostat would be adjusted.  
Building D remained on this set point until the first week in April.  No other HVAC parameters 
were adjusted. Building A was changed to 24
o
C on 24
th
 January 2007 due to a high number 
of staff complaints (formal and informal).  The number of HVAC related complaints received 
by the Facilities Management call centre during the study period was compared with the 
previous summer. 
Occupants’ survey and focus group 
Occupants’ physiological and psychological responses to the indoor environment were 
monitored through online surveys which were sent fortnightly during the study period to all 
BEE staff in the two affected buildings and the four control buildings.  106 staff participated, 
with a total of 273 responses.  Further qualitative information was gathered through staff 
emails to project members and through a one hour focus group at the conclusion of the study 
period.  Responses were analysed demographically (age, gender, building, work location 
within building, time of completion of survey) and statistically.  In preparation for future 
research, the survey also included questions that enabled initial exploration of the relationship 
between levels of comfort and the nature of recent activity levels, clothing levels and mode of 
transport to work. Respondents were also surveyed about the extent of air-conditioning use in 
their homes and cars in order to ascertain whether this had any bearing on their responses to 
the indoor climate at work. 
Table 2: Modelling parameters for selected occupancy types 
Space type Occupancy 
hours 
Size Proportions of total electricity use 
Lighting Equipment HVAC 
Lecture 
Theatre 
7am – 6pm,  
5 days/week 
296m
2
 26% 6.6% 67.5% 
Office 7am – 6pm,  
5 days/week 
329m
2
 25.2% 21.2% 52.6% 
Computer 
Laboratory 
24 hours,  
7 days/week 
329m
2
 16.6% 33.1% 50.3% 
 Performance outcomes modelling 
Because neither building had independent energy meters by which to verify actual savings 
attributable to the project, a firm of consultant engineers was contracted by QUT Facilities 
Management (FM) to undertake a series of energy simulations for three common occupancy 
types (lecture theatre, computer laboratory and office) and temperature set points, to 
determine energy, water and greenhouse gas emissions from each variation.  As-built 
drawings of the buildings were provided to the consultants who also undertook a site visit to 
confirm the locations of relevant shading and glazing.  Table 2 summarises the parameters of 
each occupancy type.  The Building Code of Australia 2006 Class 5 schedules were assumed 
for the occupancy hours of the office and lecture theatre whilst it was assumed the computer 
laboratory would be utilised 24 hours/day, 7 days/week.   Electricity loads for each of the 
spaces were nominated by the consultant to reflect typical university usage.  The consultants 
used the Beaver program to perform the modelling.   
Each space was assumed to have a single air conditioning unit with its own appropriately 
sized chiller unit (with a cooling efficiency (COP) of 5) to handle the space’s expected cooling 
needs.  Weather data and public holidays for Brisbane were taken into account.  Each 
occupancy type was modelled on three different summer / winter set points: current 
(23
o
C/21
o
C); summer efficiency (25
o
C /21
o
C) and winter efficiency (23
o
C /20
o
C).  The results 
of this modelling were applied to the usage areas of the case study buildings.  
Results 
With the exception of higher than normal temperatures for March, the summer of 2006-07 did 
not present any weather extremes that would need to be taken into account for the purposes 
of this project.   
Thermal comfort  
In explorations of differences in comfort levels, chi-square tests and an ANOVA demonstrated 
that: 
 There was no association between comfort levels of respondents and the 
buildings (all six) in which they were located.  This suggests that manipulating 
the thermostat settings in two of the buildings did not significantly affect 
participants' perceptions of comfort. 
 39% of respondents found the thermal environment of their work space to be 
unacceptable. 
 49% of respondents wanted more air movement. 
There was no significant association between general comfort levels and age or gender; 
general comfort levels of respondents and the use of air-conditioning in the car or home; 
general comfort levels and clothing levels worn.   
In comparison with call centre logged complaints for the previous summer, the total number of 
complaints was slightly lower for Building A and slightly higher for Building D.  The thermal 
comfort complaints, for both summers, related to the same rooms, which were described by 
occupants as ‘too hot’, ‘too cold’, ‘too stuffy’ or ‘no ventilation’.  Analysis of the temperature 
data recorded for four of these workspaces in Building A showed the mean maximum 
temperature for each of the offices was outside of the operating parameters of the HVAC 
system (25
o
C) by 1.3 - 6.9
o
C.  Close examination of the Building Management System (BMS) 
by Facilities Management in January 2007 revealed that raising the set point (to 25
o
C) had 
unmasked pre-existing sensor calibration errors and control algorithm errors in Building A.  
The AC system was subsequently re-commissioned, allowing the AC system to perform to its 
design parameters, and there was a subsequent drop in the number of complaints from 
occupants.   
Quantitative impacts 
Modelled savings, derived from the consulting engineers’ report, are presented in Table 3.  
For all occupancy types, raising the summer thermostat setting by 2
o
C would result in savings 
in end use energy, associated electricity costs, primary energy, greenhouse gas emissions, 
and water use. If the altered set points were adopted in the design of new HVAC systems for 
these spaces, capital savings would also be realized due to the smaller chiller plant size 
required to meet the new performance requirements. 
Table 3: Indicative savings for different occupancy types attributable to increased cooling set point 
Room type and 
HVAC thermostat 
cooling set point 
End Use 
Energy 
MWh/y 
Primary 
Energy 
MWh/y 
Co2 
emissions 
Tonnes/y 
Water 
usage 
L/day 
Water 
usage  
L/y 
Electricity 
costs 
 $/y* 
Chiller 
plant 
capacity 
Lecture room  23
o
C  32.51 101.58 34.13 33 8125 $2,600 76 
Lecture room 25
o
C 30.55 95.47 32.08 29 7150 $2,444 67 
Office 23
o
C 35.86 112.05 37.65 20 4908 $2,868 46 
Office 25
o
C 33.39 104.33 35.05 18 4485 $2,671 42 
Computer lab 23
o
C  133.50 417.19 140.18 50 17892 $10,680 64 
Computer lab 25
o
C  111.52 348.51 117.10 47 16529 $8,922 59 
*for the purposes of this study, energy consumed was costed at 7.6c/kWhr, representing a long term 
bulk purchase agreement price.  It is not reflective of current prices. 
 
Discussion 
Economic and environmental benefits of technical changes 
The modelled data reinforced the expectations of the project proponents that increasing the 
set point by 2 degrees Celsius would result in decreased electricity consumption, resulting in 
annual savings of 78 tonnes of carbon emissions and 14 Kl water, for these two buildings 
alone. The demonstrated emissions and cost reductions achievable would be quite significant 
if extrapolated across all buildings on all campuses of the university.  Additional capital and 
operational savings could be realized through the 8-12% reduction in chiller plant capacity 
and through the reduction in demand charges due to a reduced peak demand (calculated at a 
70Kw peak demand reduction from office occupancy in the two buildings).  Whilst these 
outcomes could have significant financial and environmental benefits for the university, they 
also impact on regional electricity generation, transmission and distribution.  The outcomes of 
this study suggest that both significant environmental benefits (reduced carbon emissions due 
to reduced demand) and economic benefits (reduced need for infrastructure investment to 
meet peak and total demand) accrue from air conditioning management by end users.   
Occupant knowledge of thermal controls 
Analysis of the type of complaints made by workers about thermal comfort revealed that 
people were not always aware of how the AC in their areas operated, for example whether 
the AC was triggered by a manual switch, a sensor or a BMS timer.  There was little 
perception of how long it may take some spaces to respond to AC operational commands.  
AC operational and response times were particularly important for staff arriving early in the 
morning expecting immediate thermal relief (depending on their commuting habits and the 
prevailing outdoor temperature and humidity).  This would suggest that there is a disconnect 
between the knowledge, understanding and expectations of building occupants, and the 
design and operational assumptions and practices of HVAC systems designers and facilities 
managers.   
Social impacts 
The pilot study highlighted the salience of managing the social impacts of instigating energy-
saving measures such as increasing the HVAC thermostat setting during the summer 
months.  The social research and feedback components of the project enabled the change to 
be managed effectively.  Hence, it is assumed that an effective change management strategy 
is as important for success as the technical FM dimension.  Several conclusions can be 
drawn from the social dimensions of this research: 
 The ‘comfort’ survey administered to occupants acted as an effective change 
management tool that provided occupants with a valuable avenue for feedback.   
It also enabled the project team to monitor general levels of comfort and identify 
areas where intervention may be required.  As a research tool, the small sample 
size and self-select sampling method means that the social survey results 
cannot be extrapolated beyond this sample.   
 The project itself acted as an effective means of awareness-raising and resulted 
in occupants identifying specific sources of discomfort and, in some instances, 
taking steps to address the problem.  It also highlighted the value of consultation 
with occupants prior to making changes that affect their thermal environment. 
 The commissioning and operation of a BMS must involve the occupants and 
some measure of whether the aim of occupant comfort is being achieved (as 
opposed to whether the HVAC system is performing to its engineering design 
parameters).  This includes implementation of a FM process whereby occupants’ 
complaints are accepted as legitimate on face value, and holistic investigations 
are conducted to identify the source of the problem.  Constant cooperative 
communication between FM and occupants is essential in achieving the desired 
indoor comfort and the proper use of the building functions. 
 Occupants were highly amenable to people in management positions taking a 
leadership role in encouraging a corporate dress code that responds 
appropriately to local climate.  
 The project appeared to act as a catalyst for staff to express their ideas of 
additional programs that could be implemented at the university to reduce its 
greenhouse gas emissions.  These unsolicited suggestions encompassed areas 
such as a sustainability audit of the university’s policies and processes, greening 
the vehicle fleet and introducing a carbon offset program.  This would seem to 
suggest that a change management process needs to consider how to 
encourage and utilize the momentum gained from an initial environmental 
improvement program (for example, energy and greenhouse reduction through 
HVAC controls) to implement a culture and practice of continual improvement in 
environmental performance in other areas. 
Further opportunities for energy savings 
Whilst air-conditioning accounted for 50 – 67% of the energy use of each occupancy type, the 
economic and environmental benefits could be magnified through addressing the lighting and 
equipment energy use.  The enhanced awareness of at least some of the participating staff 
lead to involvement in other energy-saving behaviours, such as switching off lights and 
computers when not in use, and closing doors to non-conditioned spaces.  A well-
orchestrated environmental program could capitalize on the enhanced awareness generated 
through one activity to encourage sustainable behaviours in other areas.  Corporate 
procurement practices also play a critical role in energy reductions:  energy efficiency should 
be a core criterion for all purchasing decisions (in addition to other environmental 
considerations such as toxicity and life cycle costs).     
The use of energy efficient appliances and fittings in turn has positive benefits for the internal 
thermal comfort, contributing significantly less heat gain that would otherwise need to be 
managed through either HVAC systems or natural ventilation strategies.  A dramatic 
reduction in internal heat loads from building equipment would in turn reduce the operational 
costs and physical stresses on air-conditioning plant (for example, in dealing with hot spots 
created in rooms with a large number of computers) and could potentially affect the size of 
HVAC plant required in the first instance (thereby providing capital cost savings).  
 Conclusion 
Air-conditioning accounts for a significant proportion of commercial buildings’ energy 
consumption.  Energy and greenhouse gas reduction strategies in existing commercial 
buildings have primarily focused on physical engineering solutions, such as fine tuning or 
upgrading existing air conditioning units, to meet existing engineering practices that define 
thermal comfort.  The pilot project conducted on the QUT campus aimed at qualifying whether 
building occupiers would tolerate changes in the generally accepted industry standards for 
office temperature.   
The four month pilot project, which increased the air-conditioning temperature set points by 
2
o
C during a sub-tropical summer, revealed that accepted industry norms regarding system 
design for indoor climate in the workplace need to be revisited in order to accomplish a global 
goal of energy efficient, low carbon buildings.   Occupants' responses to the adjustment of the 
HVAC thermostat cooling set points in this case study showed that building occupants can be 
meaningfully engaged in a change management process that delivers financial and 
environmental savings as well as occupant comfort. 
This case study found that the usual approach to providing comfort via the standard 
engineering process can be challenged by responding to cultural and social issues in building 
and HVAC systems design.  
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